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(54) Metal belt and method for producing such 

(57) The invention relates to a drive belt (1), in par- 
ticular according to claim 1 or 2, for a continuous varia- 
ble transmission comprising at least one endless metal 
band (2), preferably provided in a set of nested bands, 
at least partly being surrounded by transverse ele- 
ments^) for at least clamping the belt (1) in between 
the sheaves of a set of pulleys (4, 5). At least one band 
(2) is shaped such, as seen in cross section, that the 
arithmetical relation between thicknesses TA, TB and 
TC at three points PA, PB, PC on a contact face (6-9), 
given by the formula ( 1 - (TA+TB)/2TC ) represents a 
value greater than 0.001 and smaller than 0.100, 
wherein points PA, PB and PC are indicative of a sub- 
stantially transverse line relative to the longitudinal 
direction of the band, wherein point PC is located 
between PA and PB, wherein points PA and PB are 
located near the edge of the band. 
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Description 

[0001 ] The present invention relates to a metal belt for 
a continuously variable transmissions and a method for 
producing such, where, as described in the preamble of 
claim 1 , the belt comprises at least one endless metal 
band, preferably provided in a set of generally conform- 
ing nested bands, at least partly being surrounded by 
transverse elements for at least clamping the belt in 
between the sheaves of a set of pulleys. 
[0002] Such a metal belt is generally known, e.g. from 
US pat. Spec. 3.949.621. The bands of this known con- 
struction have a generally rectangular cross section. 
Due to its nature of use in continuously variable trans- 
missions, the, known belt is during operation subjected 
to extremely high internal stresses varying in height with 
the radius of bending and with the moment transmitted 
or the pull force in a band resulting there from. For this 
reason avoidance of breakage of the belt during the 
service life of a belt, i.e. the transmission and vehicle 
wherein it is to be applied, is a main point of considera- 
tion with such belts, in particular with the bands of a 
belt. 

[0003] One technical measure intended for prolonging 
service life is known from European patent publication 
EP-B-181670. This document teaches to provide per- 
manent compression stresses in the central and edge 
part of the contact faces of the bands of the belt, thus 
resulting in a reduction of the level of locally occurring 
tensile stresses. The publication further teaches the 
deformation of the edge zones towards a confined 
shape so as to reduce tensile stresses, particularly 
occurring from bendings, as a result of which breakage 
caused by hairline cracks occurring from the edges 
would bf. largely avoided. 

[0004] The present invention seeks to provide at least 
a further if not an alternative solution in raising belt serv- 
ice life. According to the invention this may be achieved 
by accurately defining the geometry of a bands cross- 
section as is indicated in the characterising portion of 
claim 1 . Bands according to the present invention show 
extremely small though measurable differences in the 
thickness along a cross section of a band. It was found 
in practise however, that the overall shape of a cross 
section influences the said service life time of a belt, to 
the extend that extremely small deviations from an 
imaginary rectangular cross section of a band account 
for significant influence on the expected service life time 
of a belt. 

[0005] One factor mentioned to explain the above 
effect is that a band shaped according to the invention 
provides a certain amount of precompensation for so 
called anticlastic deformation occurring during the oper- 
ation of a belt. However, the local differences in diame- 
ter of bending caused by anticlastic deformations hardly 
effects increase in internal strain as may be expected 
locally in a band. Moreover, a full precompensation of 
this effect, for as far as might be achieved, would require 



a thickness ratios between TA and TC or TB and TC of 
about 0.5. Nevertheless the minimal amount of devia- 
tion from an imaginary cross section, according to the 
invenvention realises a significant increase in expected 

s life time, and may advantageously be realised by a 
shaping roller having a relatively easy to produce con- 
formingly. shaped roller surface. 
[0006] It is remarked that anticlastic deformation per 
se is a generally known phenomenon, e.g. from the artj- 

10 cle "an optimum study of the anticlastic deformations of 
strips with tapered edges" as published in the int. Jour- 
nal of Mechanical Science , 1966, vol. 8. For compen- 
sating for anticlastic deformation, this article teaches to 
concentrate on tapering configuration of the edges. The 

15 present invention however differs from these known 
strip shapes in that the contact face of a band shows a 
deviation from a flat surface and in that the invention is 
related to the overall shape of a bands cross section of 
minimal order. Also, the general art does not take 

20 account of the function of taking up extremely high ten- 
sile forces as inherent to a bands function, nor of the 
material a band or strip is made of. 
[0007] Further, from the article "Hypergeometric 
Series Solutions of some Anticlastic Deformation Prob- 

25 lems", by Y.C. Pao et.al., published in 1967, a strips 
cross section is known, the section being defined such 
that the local thickness is a function of the greatest 
' thickness of the strip and the lateral displacement from 
a strips centre, such that the thickness of a strip con- 

30 stantly decreases from its greatest thickness in the cen- 
tre towards zero thickness at a lateral side of the strip. 
The article is primarily devoted to the mathematical 
solutions to the problem of anticlastic deformations. 
[0008] With the present invention the edge zones may 

35 comprise ordinary facet rounding or leveling of square 
edges, as generally known in the art. Measuring of the 
thickness of a bands edge position should take place 
beyond such rounding. Normally half a millimetre length 
away from the edge will provide sufficient distance to 

40 such rounding while still being close to the outer edge. 
[0009] Preferably, a band has a cross section of such 
shape, that the fiat surfaces of contact faces of a band 
have a smoothly curved surface. In a further develop- 
ment of the geometry according to the invention the 

45 thickness in between the two edges of a band is larger 
than the thickness of any of these. Yet according to a 
further feature according to the invention, the largest 
thickness is located substantially centrally in the middle 
between the edges. In the most preferred embodiment 

so said surface of the band is of elliptical nature. This 
geometry according to the invention approximates, at 
least, or is enelosable by circular sections having radi 
R1 and R2, such that the difference between 1/R1 and 
1/R2 is smaller than 1.0 m" 1 , where R1 is the radius for 

55 the ellipse of one side face, and wherein R2 is the 
ellipse radius of the counter side. Where both faces are 
shaped convexely the sum of 1/R1 and 1/R2 should be 
smaller than 1.0 m" 1 . 
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[0010] The invention will now further be explained by 
way of examples given in the accompanying drawing 
wherein: 

Figure 1 is a schematic illustration of the transmis- 5 
sion and belt the present invention relates to; 
Figures 2-4 indicate possible geometries of a cross 
section of a band according to the invention; 
Figure 5 is a plot indicating the relation between the 
geometry according to the invention and the to be to 
expected service lifetime of the belt. 

[001 1 ] Figure 1 shows schematically a continuous var- 
iable transmission (CVT) with a conveyor belt 1 which is 
made up of endless thin bands 2, and on which there is 
are an endless continuous series of cross elements 3 
which slide freely there over. They move between the 
sheaves of pulleys 4 and 5, with steplessly variable 
diameter. Such a continuous variable transmission is 
known per se. Typical thicknesses of a band range from 20 
0.15 to 0.20 mm. Typical widths of a band range from 8 
to 35 millimeters. Typical circumferential lengths of a 
drive belt 1 range from 50 to 100 cm. For reasons of 
economical production and for preventing technical 
complexity, a belt usually runs between pulleys 4, 5 of 25 
which only one sheave is arranged axially movable, 
while the other is arranged rotationally and axially fixed 
to an axle of rotation. This arrangement means that dur- 
ing operation the alignment of a belt 1 and its bands 2 
deviates from the ideal position orthogonal to the axles 30 
of rotation. For coping with this "mis-alignment" the con- 
tact faces of the transverse elements against which the 
inner bands rests are provided with a slightly convex 
curvature. 

[001 2] Figure 2 shows a cross section of a band 2 35 
according to the invention, wherein one contact face is 
of planar configuration. The other, e.g. outer, contact 
face 6 shows an in between part taking up between one 
third and two thirds of the face surface, and is protruded 
to a larger extend than the lateral portions of the contact 40 
face 6. The edges of the band 2 are rounded off by 
schematically represented facet roundings or levelings 
F, as usual in the art. The lateral sides L of a band 2 are 
shaped flat and have a height TC minus the amount of 
decrease in thickness in lateral direction and minus the 45 
height of facet roundings F. 

[001 3] As indicated in figure 3, thicknesses TA and TB 
of the lateral positions of a band 2 should, for purposes 
of indicating the configuration of contact faces accord- 
ing to the invention, be measured closest at points PA so 
and PB to the lateral sides L, however beyond the facet 
roundings F. Typically, a transverse distance D of 
between 0.5 and 1 .0 millimeter provides a good meas- 
uring point. Measuring should take place along an 
imaginary transverse line relative to the longitudinal 55 
direction of a band, and generally square to the imagi- 
nary plane that can be imagined more or less centrally 
between both contact faces of a band. A thickness TC 



should according to the invention be measured at some 
point between points PA and PB on or in the immediate 
vicinity of said imaginary transverse line. The thick- 
nesses in dimensionless index Bl, calculated by the for- 
mula ( 1 - (A+B)/2C ) should lead to a value greater than 
zero. It is remarked that according to the invention TA, 
TB and TC may differ significantly provided that TA, TB 
and TC satisfy the given formula. For achieving a suffi- 
cient degree of accuracy, measuring of TA, TB and TC 
should take place at least five times, each time on a dif- 
ferent location on a band, mutually displaced at least 
one centimeter. A so called mara-meter may be used. 
The formula for index Bl, in conformance with the inven- 
tion shows that one lateral side may be thicker than the 
other. 

[0014] Figure 4 schematically represents an embodi- 
ment where inner and outer contact face 7 and 9 are 
both convexely shaped. Preferably but not necessarily 
both contact faces are curved according to a circular 
section having diameters R1 and R2 respectively. The 
radi R1 and R2 may be of equal length. Preferably the 
centre of the radi R1 and R2 are both located on a com- 
mon, imaginary line at a generally right angle to a con- 
tact face 7 or 9, and located in the centre thereof. For 
achieving a favourable geometry, according to the 
invention, the sum of 1/R1 and 1/R2 should be greater 
than 1.0 m' 1 . In the present example one contact face 
shows a decrease by 1 micrometer from TC to TA or TB, 
where as the other shows a decrease of 2 micrometer. 
In a preferred embodiment the both sides are shaped 
with a substantially similar amount of decrease towards 
the edges L. 

[0015] Figure 7 is an illustration of the correlation 
found between the distribution of thickness over a bands 
cross section, represented above given formula along 
axis X and the expected service lifetime of the belt along 
axis Y. In the graph the zero line for X represents a per- 
fectly rectangular shape of a bands cross section. To 
the left of this axis the index Bl, ( 1-(TA+TB)/2TC ), for 
the thickness distribution as explained above increases. 
To the right of this X = 0 line the index represents the 
amount of the inverse shape, i.e. the amount by which 
the lateral sides of a band are thicker than the middle 
portion thereof. Upwardly along the Y-axis an index for 
expected life time is indicated, e.g calculated on the 
basis of number of revolutions of a belt 1 within a pulley 
assembly in one or more certain rations. 
[001 6] According to the invention it was found for belts 
of the above described typical dimensions, that within 
the range of indexes, Bl = (1 - (TA+TB/2TC)) , between 
0.001 and 0.1, the relationship between the index Bl as 
the expected service live is to a significant degree linear 
and accounts for a significant influence on belt service 
life. This is in the graph shown by a regression line rep- 
resented in bold in between dotted lines, the dotted 
lines representing the boundaries for the location and 
angle of highly probable regression lines. For increasing 
values of the index Bl at both sides of Bl=0, the relation- 
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ship becomes non linear. The graph nevertheless is 
indicative of the finding that within the specified range 
significant increase in service lifetime is achieved by an 
extremely small, though practically measurable raise of 
at least part of a contact face, located between the edge 5 
parts. 

[001 7] ' The invention further relates to all details indi- 
cated in the following claims and figures. 

Claims 10 

1. Drive belt (1) for a continuous variable transmis- 
sion, comprising at least one endless metal band 
(2), preferably provided in a set of nested bands, at 
least partly being surrounded by transverse ele- 15 
ments (3) for at feast clamping the belt (1) in 
between the sheaves of a set of pulleys (4, 5), char- 
acterised in that, a band (2) is provided with a cen- 
tral portion, as seen in cross section, having a 
minimal but consistant degree of greater thickness so 
than a lateral portion. 

2. Drive belt (1), in particular according to claim 1, for 
a continuous variable transmission comprising at 
least one endless metal band (2), preferably pro- 25 
vided in a set of nested bands, at least partly being 
surrounded by transverse elements (3) for at least 
clamping the belt (1) in between the sheaves of a 

set of pulleys (4, 5), characterised in that a band 
(2), as seen cross wise, shows a continuous, pref- 30 
erabfy smooth, decrease of thickness from at least 
immediately near the centre of a band towards the 
lateral sides of the band (2). 

3. Drive belt (1 ), in particular according to claim 1 or 2, 35 
for a continuous variable transmission comprising 

at least one endless metal band (2), preferably pro- 
vided in a set of nested bands, at least partly being 
surrounded by transverse elements(3) for at least 
clamping the belt (1) in between the sheaves of a 40 
set of pulleys (4, 5), characterised in, that at least 
one band (2) is shaped such, as seen in cross sec- 
tion, that the arithmetical relation between thick- 
nesses TA, TB and TC at three points PA, PB, PC 
on a contact face (6-9), given by the formula 45 
( 1 - (TA+TB)/2TC ) represents a value greater than 
0.001 and smaller than 0.100, wherein points PA, 
PB and PC are indicative of a substantially trans- 
verse line relative to the longitudinal direction of the 
band, wherein point PC is located between PA and so 
PB, wherein points PA and PB are located near the 
edge of the band. 

4. Drive belt (1) according to claim 1. 2 or 3 wherein 
point PC is located substantially centrally between ss 
PA and PB. 

5. Drive belt (1) according to any of the preceding 



claims, characterised in, that thickness TC is 
greater than any of the thickness TA and TB. 

6. Drive belt (1) according any of the preceding 
claims, characterised in that, the cross wise 
decrease in thickness from the centre of the band 
towards it's side is greater than or equal to 2 jim 
and smaller than or equal to 20 urn, the bandwidth 
being between 8 and 35 millimeter. 

7. Drive belt (1) according to any of the preceding 
claims characterised in, that the band (2) is sub- 
stantially symmetrically shaped in respect of an 
imaginary plane located centrally between the con- 
tact faces (6-9) of a band (2). 

8. Drive belt (1) according to any of the preceding 
claims, characterised in, that the band (2) is sub- 
stantially symmetrically shaped in respect of an 
imaginary plane located centrally between the lat- 
eral faces (L) of the band (2). 

9. Drive belt (1) according to any of the preceding 
claims characterised in, that thicknesses TA and TB 
are measured in the immediate vicinity of an ordi- 
nary facet rounding (F). 

10. Drive belt (1) according to any of the preceding 
claims wherein the thicknesses TA, TB and TC are 
the mean of five measurements on longitudinally 
displaced locations on the band (2). 

11. Drive belt (1) according to any of the preceding 
claims characterised in, that at least one contact 
face (6-9) is in cross direction of the band (2), 
smoothiy curved. 

12. Drive belt (1) according to claim 11, characterised 
in, that the curvature defines, approximates, or is 
enclosable by a circular radius (R1, R2) greater 
than one metre. 

13. Drive belt (1) according to claim 12, characterised 
in, that both contact faces are shaped convexely, 
such that 1/R1 + 1/R2 <■ 1.0 m"" 1 , wherein R1 and 
R2 are the radi associated with each contact sur- 
face (7, 9). 

14. Drive belt (1) according to any of the preceding 
claims characterised in, that the band (2) is made of 
a so called maraging type of steel. 

15. Drive belt (1) according to any of the preceding 
claims characterised in, that at least the inner of a 
number of nested bands (2) is shaped according to 
any of the preceding claims. 

16. Drive belt (1) according to any of the preceding 
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claims characterised in, that the majority of the 
bands (2) of a belt (1) are shaped according to any 
of the preceding claims. 

17. Drive belt (1) according to any of the preceding 5 
claims characterised in, that all bands (2) of a belt 

(1) are shaped according to any of the preceding • 
claims. 

18. Method for producing a band (2) for a drive belt (1) to 
for a continuous variable transmission, in particular 

as defined in any of the preceding claims, compris- 
ing the steps of deforming the band (2) by leading 
the band (2) between the surfaces of two, prefera- 
bly rotating deformation elements such as rollers, is 
adapted for creating a bands contact face (6-9) cor- 
respondingly to a band (2) defined in any of the pre- 
ceding claims, subsequently annealing the band (2) 
and thereafter heating the band (2) in a nitrogen 
environment for chemically creating a superficial 20 
permanent compression layer known per se. 
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